Introduction
Parkinson's disease (PD) is a multifaceted, neurodegenerative chronic disease with a declining trajectory, afflicting approximately 0.4-1% of people 60 to 79 years of age and 1.9% of those 80 years old and older worldwide [1] . In the United States alone, PD affects over one million people with an approximate 60,000 new cases each year and an annual cost of $ 25 billion [2, 3] . The symptoms of PD include motor (bradykinesia, postural instability, rigidity, and resting tremor) and non-motor (depression, anxiety, fatigue, sleep disturbances, and cognitive impairment) symptoms. While the etiologies of PD are still unknown, deficient dopamine in the substantia nigra of the brain is well-established as the cause for motor symptoms [4] . However, dopamine deficiency alone cannot explain the non-motor symptoms which can be more disabling and challenging to manage than motor symptoms [5] .
Given the lack of a cure and the chronic nature of PD, improving quality of life (QOL) is paramount for persons with PD and their families. QOL is increasingly recognized as an essential outcome in PD intervention studies [6] . Medications such as levodopa/carbidopa and surgical interventions such as deep brain stimulation show strong efficacy on improving motor symptoms and QOL [7, 8] . In contrast, the efficacy of drug treatments for non-motor symptoms is equivocal and drugs for non-motor symptoms could actually interfere with the effectiveness of levodopa/carbidopa and/or aggravate motor symptoms, leading to poor QOL [5, 9] . On the other hand, nonpharmacological interventions, e.g., music and exercises, have been increasingly tested to improve motor and non-motor symptoms due 
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Practice Project (EPHPP) Quality Assessment Tool for Quantitative Studies. The EPHPP has 6 categories, including selection bias, study design, confounders, blinding, data collection method, and withdrawals. Each category is graded as 'strong', 'moderate' or 'weak' [13] . The category ratings were combined to generate an overall quality rating as: strong quality (no weak rating among the six categories), moderate quality (one weak rating), or weak quality (two or more weak ratings). The ratings agreed by at least two authors were assigned as the final overall quality rating for each study.
Results
The studies were conducted in several countries, including France (n=1), Iran (n=1), Australia (n=1), Spain (n=1), Sweden (n=1), Turkey (n=1), Ireland (n=1), Belgium (n=1), Italy (n=1), United Kingdom (n=1), Brazil (n=3), Netherlands (n=4), and the United States (n=9). Twenty studies have Level I evidence and six Level II evidence. Thirteen of the 26 studies (50%) were rated with strong quality, 4 (15%) with moderate quality, and 9 (35%) with weak quality (Tables 1 and 2 ). In the following sections, we described the types of interventions tested, the QOL instruments used, and the effects of the interventions on QOL.
Types of the interventions tested
Fifteen studies (57.7%) tested an exercise intervention [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] , and the remaining 11 studies each evaluated a different intervention including acupuncture [29] , neuromuscular electrical stimulation [30] , patient education [31] , reflexology [32] , self-management program [33] , spa therapy [34] , cognitive training [35] , cueing training [36] , music therapy [10] , neuromuscular therapy [37] , and physiotherapy network [38] . Eighteen of the 26 studies (69.2%) measured QOL asa primary outcome [14] [15] [16] [17] [18] [19] [20] 22, 24, 25, [27] [28] [29] [30] [31] [32] [33] [34] , while the remainders measured it as secondary outcomes [10, 21, 23, 26, [35] [36] [37] [38] .
QOL instruments used
Six different QOL instruments were used across the 26 studies. Twenty studies (77%) used the Parkinson's Disease Questionnaire 39 (PDQ-39) [10, 17, [19] [20] [21] [22] [23] [24] [25] [26] [27] 29, [31] [32] [33] [34] [35] [36] [37] [38] . The PDQ-39 is a 39-item selfreport questionnaire with a 5-point Likert-type scale, representing 8 domains (Mobility, Activities of Daily Living, Emotional Well-Being, Stigma, Social Support, Cognitions, Communication, and Bodily Discomfort). The PDQ-39 Summary Index (PDQ-39SI) is an overall score and expressed as a percentage ranging from 0 to 100. Lower scores indicate better QOL [39] .
Four studies used the PD QOL scale (PDQL) [15, 16, 18, 28] . The PDQL is a self-administered questionnaire on a 5-point Likert scale and contains 4 domains (Parkinson Symptoms, Systemic Symptoms, Social Functioning, and Emotional Functioning). Higher scores indicating better perceived QOL [40] .
Two studies used the Swallowing QOL (SWAL-QOL) scale [14, 30] . The SWAL-QOL measures swallowing-related QOL, including 44 items. It contains 11 domains, including burden, symptom frequency, food selection, eating duration, eating desire, communication, fear, mental health, social functioning, fatigue, and sleep. Higher scores indicates better perceived swalloing-related QOL [41] .
Effects of the interventions on QOL
Fifteen of the 26 studies (58%) showed that the interventions significantly improved QOL [10, [14] [15] [16] [18] [19] [20] 22, [28] [29] [30] [32] [33] [34] 37] , while the remaining 11 studies (42%) reported no effect [17,21, 27, 31, 35, 36, 38] . Among the 12 different types of interventions tested, exercise intervention was examined by 15 studies and the other 11 interventions were only tested by one study.
Exercise intervention
Twelve of the 15 exercise studies treated QOL as a primary outcome (Table 1) : 8 studies are level I evidence [16] [17] [18] [19] 22, 25, 27, 28] , and 4 are level II evidence [14, 15, 20, 24] . Seven studies (58%) have weak quality [14, 15, [18] [19] [20] 24, 25] because of the lack of randomizationand blinding, 3 (25%) have moderate quality due to lack of randomization or blinding [17, 27, 28] , and 2 (17%) have strong quality [16, 22] .
The modality of exercise included swallowing exercise [14] , boxing [15, 16] , physiotherapist-supervised exercise [18] , high intensity resistance exercise [19] , combined strength, endurance, and/or balance exercises [17, 20, 28] , Nintendo Wii [22] , Nordic walking [24] , Ai-Chi [25] , and dance [27] . [28] , or 5 times a week [14] . Eight out of the 12 studies (67%) showed significant improvement in QOL [14] [15] [16] [18] [19] [20] 22, 28] .
The three exercise studies that treated QOL as a secondary outcome were all level I evidence with strong quality. The durations of the exercise interventions varied from 6 [21] to 24 [26] and 64 weeks [23] . However, none of these studies showed an effect on QOL (Table  2) .
Acupuncture
One study investigated the effect of a weekly acupuncture therapy with massage for 6 months on QOL as a primary outcome (Table 1) . This study is level II evidence and has weak quality due to the lack of randomization and blinding. QOL was significantly improved at 6 months compared to baseline [29] .
Neuromuscular electrical stimulation
A study tested the effect of 3-5 weeks of adjuvant neuromuscular electrical stimulation, 5 times a week on QOL as a primary outcome [30] . This study is level I evidence and has strong quality. All groups improved their QOL over time with minimal group differences ( Table 1) .
Patient education
One study evaluated the effect of 8 weekly sessions of the Patient Education Program Parkinson (PEPP) on QOL [31] . This study is level I evidence and has moderate quality. Compared to the control group, PEPP showed a trend towards significance on QOL, a primary outcome (Table 1) .
Reflexology
One study examined the effect of 8 reflexology treatments (acupressure) on QOL as a primary outcome [32] . This study is level II evidence and has weak quality due to the lack of randomization and blinding. The results showed within-group improvement in QOL, but not between-group differences ( Table 1) .
Self-management program
A self-management program was tested using 2 different doses of 18 hours and 27 hours over 6 weeks for its effect on QOL as a primary outcome [33] . This study is level I evidence and has strong quality. Compared to a control group, both doses improved QOL significantly (Table 1) .
Spa therapy
One study evaluated the effect of a 3-week daily spa therapy (thermal baths, drinking mineral water, various types of showers, and underwater massage) on QOL as a primary outcome (Table 1) . This study is level I evidence and has strong quality. Spa therapy improved QOL significantly compared to control [34] .
Cognitive training
One study tested the effect of interactive multimedia and paperand-pencil-based cognitive training program, 3 times a week for 4 weeks on QOL as a secondary outcome [35] . This study is level I evidence and has strong quality. The results showed that cognitive training had no significant effect on QOL (Table 2) .
Cueing training
One study tested the effect of a 6-week cueing training that contains 3 rhythmical cueing modalities (auditory, visual, and somatosensory) on QOL as a secondary outcome [36] . This study is level I evidence and has strong quality. The results showed that cueing training had no significant effect on QOL (Table 2) .
Music therapy
One study tested the effect of a 6-week, twice a week music therapy that contains stretching and some rhythmical movements on QOL as a secondary outcome [10] . This study is level I evidence and has strong quality. The results indicated that music therapy significantly improved QOL (Table 2) .
Neuromuscular therapy
One study examined the effect of a 4-week, twice a week neuromuscular therapy on muscle pain and spasm (primary outcomes) as well as QOL (secondary outcome) [37] . This study is level I evidence and has strong quality. The results indicated that QOL improved over the 4-week period for the intervention group, but there was no significant difference between the 2 groups ( Table 2) .
Physiotherapy network
Munneke et al. used a physiotherapy network named ParkinsonNet to train physiotherapists and facilitate communication between health professionals and persons with PD (Table 2) . This study is level I evidence and has strong quality. Compared to the control group, ParkinsonNet did not show effects on improving QOL, a secondary outcome [38] .
Discussions
The main findings from our review are that 77% of the 26 included studies represented 'Level I' (RCT or experimental designs) and 23% 'Level II' (quasi-experimental designs) evidence. About 50% of the studies have 'strong quality', 15% 'moderate quality' and 35% 'weak ISSN: 2376-922X quality'. The main reasons for moderate or weak quality were the lack of randomization and blinding.
Eighteen of studies (69%) tested the intervention effects on QOL as a primary outcome and 8 (31%) of studies treated QOL as a secondary outcome. In addition, a variety of non-pharmacological interventions have been tested, including exercise, acupuncture, neuromuscular electrical stimulation, patient education, reflexology, self-management program, spa therapy, cognitive training, cueing training, music therapy, neuromuscular therapy, and physiotherapy network. Except for 15 studies that evaluated an exercise intervention, only one study tested each one of the other 11 interventions.
The findings from our review suggest that 8 (53%) exercise intervention studies indicated that exercise were effective at improving QOL in PD in contrast to findings from the other 7 (47%) including three studies measuring QOL as a secondary outcome. The discrepant findings seem to be influenced by several factors: 1) whether QOL was treated as a primary or secondary outcome: Studies that treated QOL as a primary outcome were more likely to have a sufficient large sample size and adequate power to detect a significant effect on QOL, whereas studies that evaluated QOL as a secondary outcome were not even if they were well designed; 2) the intervention mode and dose: There were substantial variations in the mode and dose of the exercise interventions across studies [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . The dose-response relationships between exercise and QOL in PD have not been studied; 3) confounding factors: The intervention effects were further affected by sample characteristics, making the study findings less comparable. For example, the PD stages, duration, and drug regimen were quite heterogeneous across studies.
Furthermore, combined exercise may be more promising than a single mode exercise intervention. One study showed that 6-week music therapy combined with rhythmical dance of an hour, twice a week dose improved QOL [10] . Recently, dance programs like tango have been introduced [42, 43] , showing increased social contacts and cognition over time. These results suggest that music with physical movements can improve non-motor symptom (e.g., cognition) better than either component alone, which needs to be further tested in research with an aim to enhance QOL.
There are emerging but very limited evidence about the effects of other non-pharmacological interventions on QOL in persons with PD. Spa therapy [34] , neuromuscular therapy [37] , reflexology [32] , and acupuncture [29] induced significant improvements of QOL in persons with PD. All these studies included a massage as an intervention element, but each study used a different PD sample: Spa therapy (n=31, mean age=67, mean PD duration=12 years), neuromuscular therapy (Intervention group: n=18, mean age=62, mean Hoehn & Yahr score=1.8), reflexology (n=16), and acupuncture (n=25, mean age=69, mean PD duration=6 years, mean UPDRS motor-subscale=24). Their findings are further limited because the reflexology [32] and acupuncture [29] used quasi-experimental designs without a control group. Furthermore, neuromuscular electrical stimulation [30] , and self-management intervention improved QOL [33] . However, cognitive training [35] , physiotherapy networks intervention [38] , and patient education [31] did not show any benefits to PD symptoms and QOL. Similar to the findings of exercise studies, the results of these non-pharmacological interventions were likely affected by its design of considering QOL as a primary or secondary outcome.
Strengths and Limitations
This review has two notable strengths. First, it comprehensively examined the non-pharmacological interventions and their effects on QOL in persons with PD. Second, it used a strong method of conducting the literature search and review. This review is limited by the scope of literature search. We only searched three databases (PubMed, CINAHL and PsycINFO) where non-pharmacological interventions are most likely published. Although we did perform manual literature search via cross-referencing, it is possible that we have missed some relevant publications.
Implications for Research and Practice
Given the fact that only one study met the eligibility criteria for 11 of the 12 non-pharmacological interventions, there is a pressing need to increase the sheer volume of experimental studies to test out these interventions. Our findings suggest that randomization and blinding are the two major factors to consider in order improving the study quality. Future studies need to balance internal validity and generalizability. For example, limiting the study sample to early stage PD improves the sample homogeneity and internal validity, but reduces the generalizability of study findings to other Parkinson's stages. Design considerations are essential in future studies to help determine the minimally effective and optimal doses of the nonpharmacological interventions. Future research should build on this literature to further refine the interventions and test the minimallyeffective and optimal doses as well as the dose-response relationships of each intervention for improving QOL across different stages of PD.
Despite the methodological concerns about existent studies, emerging evidence supports that non-pharmacological interventions likely play a role in improving QOL in persons with PD in clinical practice. Clinicians should become aware of the variety of nonpharmacological interventions and use a person-centered and tailored approach to select the non-pharmacological interventions and their doses most suitable to the patient at hand.
Conclusion
QOL is increasingly recognized as an essential outcome in PD intervention research. A variety of non-pharmacological interventions is potentially effective on improving quality of life and has been studied by at least one experimental study. Exercise is the most examined intervention. There is emerging evidence that other non-pharmacological interventions are potentially promising for improving QOL, but research is very limited currently. Little is known about the minimally effective and optimal doses of the nonpharmacological interventions.
